Evidence suggests that eliminating tuition fees has been one of the most important drivers of primary enrollment increases, particularly in low-income environments and where the rates of attending primary education are low (Kattan 2006) . For example, a 2007 evaluation of 32 low-income countries that instituted school user fees as a component of the Structural Adjustment Programs of the 1980s revealed that countries experienced increases in enrollment after eliminating these fees, and that countries with well-planned strategies of removing fees experienced little or no adverse effect on the quality of education (Nielsen 2009 ). Studies of individual countries find similar results. A year after Malawi introduced free primary education in 1994, enrollment rates increased 51%; in Burundi, which eliminated tuition in 2006, net primary school enrollment rose from 41% in 2000 to 94% in 2010 (UNICEF and the World Bank 2009; UN Statistics Division 2013). Eliminating fees may also reduce socioeconomic gaps in education access, suggesting school fees are particularly significant barriers for lower income families. In Uganda, for example, after fee abolition in 1997, the difference in primary school attendance rates between the bottom and the top quintiles decreased from 43 percentage points (46% versus 89%) in 1992 to just 11 percentage points (78% versus 89%) in 1997 (Deininger 2003) . The vast majority of countries have legislated tuition-free school at the primary level, and just 15 nations have yet to make primary education free and compulsory (Heymann 2013; de Guzman Chorny et al. 2014) .
Despite notable gains in primary school enrollment (UNESCO IS 2017a), completion rates 1 have remained virtually unchanged since 1999 at between 76 and 77%, with rates in sub-Saharan Africa and South and West Asia far below North America and Western Europe (56%, 77% and 94%, respectively, in 2013) (UNESCO IS 2017b). The most recent report from the Education for All movement, a partnership of four UN agencies and the World Bank, identified inadequate completion as one of the main challenges to achieving universal primary education (UNESCO 2015) . While there is some evidence showing that making primary school compulsory supports completion (Zhang and Minxia 2006; Brunello et al. 2009 ), the persistent gap between enrollment and completion rates and the stagnant, low completion rates in many low-income countries highlight the critical importance of identifying the other promising policies and approaches that support students' ability to finish primary school. Two broad areas of the literature lend support to the notion that policies that improve the affordability of and attendance at pre-primary school 2 may contribute to higher primary 3 completion rates, especially among countries that have struggled with low completion rates. First, extensive research has documented the significant impact that early childhood experiences and education have on cognitive development and subsequent learning outcomes (Shonkoff and Phillips 2000; Heckman 2006; Knudsen et al. 2006; Grantham-McGregor et al. 2007) . Second, numerous studies conducted in a wide range of countries using a range of methodologies have found that completion of pre-primary 1 The completion rate is defined as the fraction of children that remain in school from the first to last grade of primary education (UNESCO IS 2017b) 2 Unless otherwise noted, "pre-primary education" refers to education "designed for … children from age 3 years to the start of primary education, " or International Standard Classification of Education (ISCED) Level 0 education (UNESCO 2012, p. 26) . 3 Unless otherwise noted, "primary education" refers to education for which the "… customary or legal age of entry is usually not below 5 years old nor above 7 years old. This level typically lasts 6 years, although its duration can range between 4 and 7 years. Primary education typically lasts until age 10-12, " or ISCED Level 1 education (UNESCO 2012, p. 30) .
education is associated with school readiness, improved primary school achievement and completion rates (For a review, see Rao et al. 2014; Engle et al. 2011; Camilli et al. 2010; Duncan et al. 2007) . For example, a meta-analysis of 123 studies of the effects of early childhood education programs conducted over the past five decades found a statistically significant, positive average effect on timely progress through primary school, socio-emotional outcomes, and for cognitive outcomes measured variously by IQ tests and achievement tests in math, reading, writing, spelling, and verbal skill development (Camilli et al. 2010) . Numerous individual country studies from both high-and middleincome countries have reported consistent findings. A few of the many possible examples follow. A United States (US) study by Magnuson et al. (2007) found that students who complete 1 year of pre-kindergarten enter primary school with higher math and reading skills that children who are at home or in other care. A large, cross-sectional study in Chile found that having attended at least 1 year of pre-school was associated with higher math, reading, and social science test scores in the fourth grade (Cortázar 2015) . Similarly, an analysis of national survey data from Brazil showed a strong association between completion of preschool and lower rates of primary school grade repetition (World Bank 2001) . Studies done in developing nations mirror those from middle-and high-income countries. For example, a study examining a national sample of 6-year-olds in Zambia found that participation in an early childhood education program was significantly and positively associated with seven domains of children's school readiness (McCoy et al. 2017) . A study of 180 students from each of 30 pre-primary schools in Bangladesh found that those who had the opportunity to attend scored higher on achievement tests in five competencies (speaking, writing, reading, oral mathematics and written mathematics) in first grade and second grade (Aboud and Hossain 2011). Jaramillo and Tietjen (2001) examined over 800 children across a range of preschool programs in two African countries, one very poor, Guinea and one comparatively wealthy, Cape Verde, and in both countries students who attended preschool had significantly higher overall cognitive development scores than the control group. Gains were greater for students that attended for 2 years (compared to one), for girls, and in Guinea, for students of middle-and low-socioeconomic status. Studies using longitudinal analyses reaffirm the findings from cross-sectional studies (Berlinski et al. 2008 (Berlinski et al. , 2009 . Results vary across studies when it comes to which affects endure, for how long, and under what circumstances.
Studies using an experimental or quasi-experimental design provide the strongest evidence of a causal relationship. Studies using these rigorous designs from the US (Deming 2009) and other OECD countries as well as non-OECD countries have shown that attendance in pre-primary education has a significant impact on success in primary school, and, importantly, especially benefits children from low-income households (see Havnes and Mogstad (2011) Barnett and Masse (2007) , and Besharov et al. (2011) for the US).
Although the studies described above demonstrate a positive relationship between attendance in pre-primary education and primary school outcomes, these studies have not examined what may work at a national level to increase pre-primary attendance and whether these interventions then advance children's primary school outcomes on a national scale. The previous studies have primarily focused on intervention trials that are not at scale (e.g., at a community or local level not national), or on examining programs at a national scale whose participants have voluntarily enrolled (and who may be different in other respects from children who do not). In this study, we extend the literature on determinants of primary education completion by examining national-level public policies establishing free and/or compulsory pre-primary education for all ageappropriate children. This study focuses on one specific question faced by policymakers globally in widely varying contexts for early childhood education. Utilizing a new, global data source we developed based on the latest available data on free and compulsory preprimary education in nations around the world, we examine whether the provision of at least 1 year of free and/or compulsory pre-primary education advances primary school completion.
Using these public policies as instruments we can address two gaps in knowledgewill pre-primary have an impact when provided on a national scale for families where they do not self-select in, and is it sufficient for it to be free or is it important for it to be compulsory as well, similar to primary education. Lastly, using quantile regression analysis we are able to examine whether, as suggested by the evidence, the effect of free and compulsory education will be larger in countries where the need for improvements in primary school completion rates is greatest.
Methods
We examine the effect of two public policies which reflect the choices of policymakers providing free and compulsory pre-primary education. Enrollment in pre-primary education, on the other hand, is a function of observed and unobserved child and family characteristics which may be correlated with the likelihood of primary graduation. As a result, using enrollment as a predictor in the regression model would generate biased estimates. To correct for the potential endogeneity, we use an indicator of a national policy of pre-primary education as an instrument for pre-primary participation. The policy indicator is a valid instrument first because it is correlated with pre-primary enrollment (enrollment rates should be higher in countries with free and compulsory education). Second, the provision of free and compulsory pre-primary education is determined by national policymakers not parents (directly at least) so therefore, it is independent of the family and individual-level characteristics that are correlated with both pre-primary enrollment and primary graduation, and as such the policy is uncorrelated with the error term in a standard regression model, the second criteria for a valid instrument.
To assess the effect of national pre-primary policies on graduation rates from primary school, we examine the pre-primary education policy (compulsory and/or free) in place during the year just before the children whose graduation rates are used as the outcome variable would be entering primary school, or the year when these children would have been entering the final year of pre-primary education if it were available. In this study, we use the most recent data on primary graduation rates available between 2009 and 2014 and data on policies regarding the provision of free and/or compulsory pre-primary education (or lack thereof ) in the year when students eligible to graduate would have been entering their last year of pre-primary school if it was provided (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) .
Data

Data sources
To identify which countries have made pre-primary education tuition-free, we created a new global database that captures policies on the provision of pre-primary education at a national level. The quantitatively comparable data were created from reviewing and coding national government reports to UNESCO International Bureau of Education from the 7th (2006/2007) and the 8th edition (2010/2011), and the 48th International Conference on Education country reports (2008) . These reports were used as our main sources because they provide comparable qualitative data on the largest number of nations. The reports contained a comprehensive discussion of national educational systems, including a description of educational principles, educational laws and basic regulations, administration and management, structure and organization, and educational process.
When data were incomplete or unavailable through these sources, we supplemented them with country profiles and reports available through the following sources: World Bank's Systems Approach for Better Education Results (SABER); UNESCO's Planipolis, a portal of education plans from UN member states; UNESCO's Early Childhood Education and Care country reports for the Education for All Global Monitoring Report, UNESCO's Global Database on the Right to education database, and Eurypedia, a database of European Union (EU) country education policies. These sources were reviewed through June 2017 for policies in place during the relevant year per the calculation described above. The information in the reports and documents was systematically coded into a set of quantitative variables. To assure comparability, a coding framework was established to capture provision details and allow meaningful comparisons across programs instituted by different nations. At least two researchers separately reviewed sources for each country and compared coding decisions to confirm standard interpretation and to reduce the potential for human error or inconsistency. This followed the rigorous methodology for creating quantitative indicators from detailed educational policy and legal texts used in previous studies (Heymann 2013; Quamruzzaman et al. 2014; Heymann et al. 2014) .
To increase comparability of policies across countries, we took into account that nations refer to pre-primary education using different terms, including early childhood education, nursery school, pre-primary program, preschool, kindergarten, or preparatory school. We used UNESCO's International Standard Classification of Education (ISCED) definition of pre-primary education, the older age category within Level 0 education, which follows. "ISCED level 0 programmes target children below the age of entry into ISCED level 1. There are two categories of ISCED level 0 programmes: early childhood educational development and pre-primary education. The former has educational content designed for younger children (in the age range of 0 to 2 years), whilst the latter is designed for children from age 3 years to the start of primary education" (UNESCO 2012) . If the entrance age to primary school is five, we examined the educational programs provided for children aged three and four. If the first year of primary education is termed a "reception year" or similarly, we considered it a part of primary education and it was not captured as a pre-primary program in the dataset. When reports contain pre-primary education policy information on subnational level, our data reflect provisions that apply to the majority of territorial units in the country.
The data on national primary education graduation rates were obtained from the UNESCO Institute of Statistics Data Centre ("gross graduation ratio from primary education, both sexes (%)", 2009 through 2014) (UNESCO 2017c).
The data on countries' per capita income, proxied by per capita gross domestic product (GDP), categorized level of income, level of urbanization, and geographic region were drawn from the World Bank's World Development Indicators Data (World Bank 2017).
Sample characteristics
In our analysis, we use the sample of 104 countries for which data on both primary education graduation rates and pre-primary education provision were available. Table 1 describes the sample of countries in our analysis and compares it to all 193 countries in the world that are UN members. The first column shows the percentage of countries in each income category (using World Bank categories) and the percentage of countries in our sample that are in each of the five regions (using World Bank regional classification). The second column displays the regions and income level of the global sample of 193 countries.
Overall, the two samples are similar in terms of income level and geography. The sample with data on primary school graduation rates has a larger percentage of middle-income countries. Geographically, this sample has a higher percentage of nations from the Americas (26% vs. 18%) but smaller percentage from Europe and Central Asia (21% vs. 28%).
128 countries had primary graduation rate data between 2009 and 2014. 104 of these also had corresponding data on pre-primary provision in the year of pre-primary entry. Of these, 17 countries provided free and compulsory pre-primary education, 16 provided free but not compulsory pre-primary education while the remaining 71 did not provide free pre-primary education. For the 104 countries in our analytic sample with both pre-primary provision and primary graduation data, the average gross primary graduation rate is 83.8%.
Description of variables
Outcome variable
Primary gross graduation rate is defined as the number of children who are reported to have graduated from primary school (regardless of age) expressed as a percentage of the population at the theoretical graduation age for primary school. Data on net primary school graduation rates which exclude enrollment of under-and over-aged children were not available from the UNESCO Institute of Statistics at the time of our study. As described above, we used the most recent year of primary graduation rate data available between 2009 and 2014.
Independent variables
As noted above, we identified and used pre-primary education policy data for the year when students eligible to graduate from primary school would have entered one final year of pre-primary education based on the duration of primary education. As an example, if 2014 primary graduation data were available and primary school level of education was 5 years in length, then the calculation for the relevant year of pre-primary policy data would be: 2014-2005 = 2009 then subtract 1 more year = 2008. In our sample, the resulting policy data ranged from 2002 to 2009. We refer to this below in this section as the "pre-primary year".
Countries classified as having free pre-primary education 4 were those where law or policy provided at least 1 year of pre-primary education in the pre-primary year, using the UNESCO definition of pre-primary (older category of Level 0 education), and charged no tuition or educational fee (although other fees could be charged for such things as meals or field trips). Countries with compulsory pre-primary education were those where law or policy mandated attendance for at least 1 year of pre-primary education using the UNESCO definition of pre-primary (older category of Level 0 education).
Countries providing free and compulsory pre-primary education were those countries where there was a policy in place in the pre-primary year providing at least 1 year of both free and compulsory pre-primary education. This variable was coded as missing if there were missing data for either the indicator of "free" or "compulsory. "
Control variables
Existing large sample studies on national-level policies and primary completion rates find consistently that a country's level of national economic development and level of urbanization both strongly influence educational attainment and graduation rates, and are thus included as control variables. In the studies for which the percentage of the population that is between 0 and 14 years of age is included, the coefficient is at times significant (Michaelowa and Weber 2007; d' Aiglepierre and Wagner 2013) , however, it is highly correlated with per capita GDP (r = 0.83-0.84), so is not included in addition to per capita GDP. Findings regarding governance measures (effectiveness, political stability, accountability and voice.) have been inconsistent (Michaelowa and Weber 2007; Richards and Vining 2015; Dreher et al. 2008 ). An area where evidence is more mixed is the financing of education including domestic expenditures and foreign aid for education (Michaelowa and Weber 2007; Yogo 2017; d' Aiglepierre and Wagner 2013; Ruff 2016; Bruns et al. 2003; Dreher et al. 2008) . In the studies where these measures are found to be significant, the effects are small which may be explained by the mediating role of governance; the impact is likely to be shaped by a nation's ability to spend dollars well and effectively. Finally, also significant is adult or female literacy rate (Richards and Vining 2015) . Its relevance to rates of primary completion is unsurprising given that household level studies consistently find that parental level of education, particularly maternal education and literacy is a strong predictor of children's attainment (Holmlund et al. 2011) . While this may be associated with voluntary attendance at preschool, there is no evidence that it is a confounder for examining the impact of policies on compulsory preschool.
National income is proxied by per capita GDP. The per capita GDP is measured in current US dollars (where the current year varies depending on the year for which graduation rate data are available and the corresponding number of years of primary and pre-primary education). To account for the difference in the impact of income at the lower and the higher ends of the national income spectrum, the natural logarithm of per capita GDP was utilized. Average per capita GDP over the entire pre-primary and primary educational period was used in analyses to ensure that one unusual economic year did not introduce any bias in the estimates.
Urbanization is defined as the percentage of population living in an urban area. Rates of urban population refer to the number of people living in an urban area as defined by national statistical offices expressed as a percentage of the total population estimates. The average urbanization rate over the entire pre-primary and primary education period was used in analyses.
Analytic approach
A multivariate quantile regression analysis was conducted to investigate whether the provision of at least 1 year of free pre-primary education was associated with an increase in primary school graduation rates, and whether the magnitude and significance of the association were greater in the countries with low primary school completion rates. A quantile regression analysis estimates coefficients for each of the specified quantiles or percentiles of the distribution of the dependent variable, in this case, the primary completion rate. Using this type of regression, we can examine whether the effect of free and compulsory education is larger in countries where the need to improve primary school completion rates is greatest. We estimate the effect when primary completion rates are low, at the 25th percentile, but also at the median (50th percentile). In addition, quantile regression analysis places no restrictions on the assumption regarding the error distribution so is appropriate for modeling data with unequal variation as is the case with the primary completion rate data used in this study (Koenker and Hallock 2001) .
The effect of provision of at least 1 year of pre-primary education can be estimated at any percentile of the distribution of the dependent variable, e.g., 5th (0.05 percentile), 10th (0.10 percentile), etc. We estimate 50th and 25th quantile regressions using a bootstrap technique as it has been shown to provide robust results and is generally preferred as more practical than asymptotic techniques (Hao and Naiman 2007) . The estimated coefficient for a given quantile is interpreted as the difference in the gross graduation rate for a one unit change in the explanatory variable at the relevant percentile of the distribution of gross graduation rates. For example, the estimated coefficient for the 25th quantile is the difference in the gross graduation rate for a one-unit change in the explanatory variable, for example, provision of at least 1 year of tuitionfree pre-primary education as compared to no tuition-free pre-primary-at the 25th percentile of the conditional distribution of graduation rates. Because the dependent variable, the gross graduation rate, is a percentage, the estimated coefficient is interpreted as a percentage-point change.
We fit a model in which our dependent variable was the primary school graduation rate for the most recent available year from 2009 to 2014, and our key predictor variable was an indicator of whether a policy of free pre-primary education was in place in the year when the cohort for which we had graduation rate data would have entered a final (or only) year of pre-primary school. Average per capita GDP and urbanization over the entire pre-primary and primary educational period were used as control variables.
We first examine the distribution of pre-primary policy configurations in the year before potential primary school graduates would have entered pre-primary school. We then estimate two models, one assessing the individual effect of provision of free pre-primary education, and a second assessing the effect of free and compulsory preprimary education. We examine the differential effects for low-graduation-rate countries, at the 25th percentile of the distribution, and average-graduation rate countries, at the 50th percentile.
Results
How often is free and/or compulsory pre-primary education available just prior to when children should enter primary school?
In 16% of countries in our sample, free and compulsory pre-primary education was available in the year prior to entry to primary school. Nearly the same number of countries, 15% of the sample, provided free but not compulsory pre-primary education in the year prior to entry to primary school. The remaining 69% provided no preprimary education.
Is provision of free pre-primary education associated with higher primary graduation rates?
Provision of free pre-primary education alone in the year prior to entry to primary school was not found to significantly improve completion rates. Provision of free pre-primary education in the year prior to entry to primary school was not significant at either the 25th or 50th percentile of the primary graduation rate distribution (see Table 2 ).
Is provision of free and compulsory pre-primary education associated with higher primary completion rates?
We next estimated the effects for free and compulsory, and free but not compulsory, separately compared to the base case of neither free nor compulsory in the year prior to primary school. Again, the quantile regression analysis produces estimates for the 25th and 50th or median part of the distribution of primary graduation rates. In both models, provision of free but not compulsory education was not significant (the effect size was estimated at between 4.4 and 4.8 percentage points but with large standard errors). The effect of free and compulsory provision in the year prior to primary school was significant in both the median and 25th quantile models, but the effect was larger for the 25th quantile. In the median model, provision of free and compulsory education in the year prior to primary school was associated with 9.6 percentage point higher primary education gross graduation rates (p < 0.05) compared to no pre-primary education provision, while in the 25th quantile model, the effect was 12.2 percentage points (p < 0.05). These results are summarized in Table 2 .
Discussion
While the world has come a long way toward achieving universal primary education, progress is uneven. Rates of primary school completion in the poorest countries lag behind the rest of the world, and the gap between wealthy and economically disadvantaged children in many countries is increasing (UNESCO 2015) . This study uses a unique global policy database to examine the potential of one policy approach to achieving higher rates of primary completion: increasing primary school readiness and achievement by increasing enrollment in pre-primary school through free and compulsory provision. Understanding the degree to which provision of a year of free and/or compulsory pre-primary education is associated with higher rates of primary school completion can inform efforts to increase universal attainment of primary education across all nations. We find that while there was no association with provision of at least 1 year of free preprimary education, we found a significant positive effect when policies require that a final (or only) year of pre-primary education is compulsory as well as free, and that the magnitude of the effect was larger for countries at the lower end of completion rates: average primary graduation rates were estimated to be 9.6 percentage points higher at the 50th percentile and 12.2 percentage points higher at the 25th percentile (p ≤ 0.05).
Countries with primary school graduation rates in the bottom 25th percentile (among those with data) are low-and low-middle-income countries primarily in sub-Saharan Africa but also including such diverse countries as Bangladesh, Djibouti, and Vanuatu as well (see Table 3 ). It is worth highlighting that we find positive benefits of free and compulsory pre-primary when examining a global sample of countries with a wide range of early childhood education contexts including countries with few alternatives in the absence of national pre-primary education and those with many. As reliable data on the availability, quality and use of alternative sources of early childhood education is not currently available on a global basis, it was not possible to account for this in our analysis. However, there is evidence from a handful of developing countries that options are limited, and/or not easily accessible, and that parents may not be aware of or perceive there are benefits of early childhood education (e.g., Rao et al. 2012; Martinez et al. 2012; McCoy et al. 2017) .
These results suggest that provision of at least a year of free pre-primary education alone may not be enough to raise primary education graduation rates in countries where graduation from primary school is on the lower end of the spectrum. The addition of a requirement to attend pre-primary school may be necessary to bring about a significant impact on enrollment with potential follow-on consequences for primary school success. Low-income nations are likely to need external supports to build the national preprimary education system that our results suggest are critical to ultimately increasing human capital and national economies.
There are plausible pathways through which compulsory pre-primary education could influence primary school completion. A policy that makes pre-primary education compulsory places responsibilities on both families and government. When attendance is compulsory, families have to find a way to send their children. They must send them even if they are unsure of the benefit and incur residual costs beyond tuition such as transportation or other fees. A compulsory policy also places pressure on the public sector to spend funds to ensure that all age-eligible children can attend preschool, potentially including the development of physical requirements-space, buildings, teaching materials-and the human capital, including teacher education and training. Further research could usefully examine the pathways and causal mechanisms which explain why making at least a year of pre-primary education compulsory in addition to free is more powerful than the provision of free pre-primary alone.
Our findings are also consistent with a growing number of studies conducted in various contexts on both national and sub-national scales showing that preschool attendance is associated with subsequent educational success (Aboud and Hossain 2011; Save the Children 2003; Barnett and Masse 2007; Berlinski et al. 2008 Berlinski et al. , 2009 Cortázar 2015; Jaramillo and Tietjen 2001; OECD 2011; World Bank 2001) with especially strong benefits for children from low-income households (Engle et al. 2011; Deming 2009; Havnes and Mogstad (2011); Dumas and Lefranc (2010) ; Mingat and Seurat (2011); Martinez et al. (2012) . Disparities that children face in early childhood can lay the foundation for lifelong inequalities (Walker et al. 2011) . At the same time, research indicates that investments during early childhood years are one of the most effective strategies for alleviating economic inequalities over a lifespan (Heckman 2006; Knudsen et al. 2006) . However, progress toward increasing pre-primary provision and enrollment has been slow and uneven. For example, while the global average pre-primary education gross enrollment rate reached 50% in 2011, it was only 18% in sub-Saharan Africa (UNESCO 2014) .
Is it feasible to extend free and compulsory education for one or more pre-primary years in countries that struggle to meet other social priorities? Numerous countries' experiences support an affirmative response. While there are many complex issues of scaling-up small programs (Wolfensohn Center for Development at Brookings 2009), effective pre-primary education programs at scale exist in developing countries from diverse regions, with different governing and economic development approaches. For example, in Vietnam, after the passage of a 1999 law expanding provision of public preschools, enrollment among 3-5-year-olds, particularly in urban areas, increased markedly (Heymann 2006) . In 1999, 39% of children aged 3-5 were enrolled in preprimary schools. Just 8 years later, in 2007, the rate had reached 65% (UNESCO IS 2017d). In Cuba, the universality of pre-primary education was achieved by 2000 (Tinajero 2010 ). Kazakhstan made pre-primary education free and compulsory in 1999 (Shaeffer 2015) . Two years of free and compulsory pre-primary education have been provided in Ghana since 2007 (RTI International 2011 .
Because guaranteeing free pre-primary school can lead to substantial increases in attendance (Diawara 2007), nations expanding provision may face additional costs for new buildings, maintenance, and infrastructure, as well as resources for training additional teachers. While countries currently spending only a small percentage of GDP on education may be able to find funds through re-budgeting and re-prioritizing (increasing their commitment to education), others will likely need to seek external support. Beyond increased funding, social policy intervention programs that are intertwined with schooling have been also shown to increase primary enrollment as they attract demand from the poorest families. For example, a study analyzing surveys of primary school students in 32 African countries targeted by the World Food Programme found that when food is provided at school and is supplemented by extra take-home rations, sustained increases in primary school enrollment can be achieved (an absolute increase of 30% female enrollment after the first year of the program) (Gelli et al. 2007) . A study of Brazil's Bolsa Familia conditional cash transfer program which provides cash benefits to cover education expenses to families who enroll their children in school instead of allowing them to engage in labor found a significant positive effect on primary school graduation rates (Peruffo and Ferreira 2017) . The expansion of conditional cash transfer (CCT) program in Ecuador was accompanied by a larger increase in high school enrollment among youth aged 16-18 whose families were beneficiaries compared to youth from non-beneficiary families (Stampini and Tornarolli 2012) , following the establishment of a CCT program in the Philippines the proportion of children 6-14 years in school increased markedly, from 78% in 2009 to 96% in 2015 (World Bank 2015 .
This study's findings should be interpreted with the following limitations in mind. While we used data on pre-primary education policy prior to when primary graduation rate is measured, in particular during the relevant year based on the year of available graduation rate data, we conducted cross-sectional analyses and included the key national-level factors influencing educational attainment. Therefore, our analysis can establish an association but not causation. Studies of outcomes over time in the countries before and after the provision of free pre-primary and a control group are needed to demonstrate causation. Longitudinal data on pre-primary policies for even a single country that would allow for a rigorous analysis of policy change, as well as controls for prior and subsequent trends in primary graduation rates are not currently available.
In addition, as this is a country-level study and there are limitations in global data available, we were not able to examine the effects of school-level factors related to the quality of pre-primary education on primary graduation rates. Studies have shown that higher quality pre-primary yields greater gains in school readiness (e.g., Zuilkowski et al. 2012; McCoy et al. 2017 ) and primary school achievement (Rao et al. 2012 for Bangladesh and Cambodia; Sylva et al. 2011 for England) especially for children from poor households and in poor countries (e.g., Burger 2010; Lazzari and Vandenbroeck 2013; Aboud 2006; Rao 2010; Moore et al. 2008; Sylva et al. 2011; Kagitcibasi et al. 2001) . Findings are consistent across a range of measures of quality including the child-teacher ratio, teacher training and tenure, expenditures, etc., but also measures of the psycho-social environment such as interactions between teachers and children and the child-friendliness of the environment, as well as indicators of the use of developmentally appropriate curriculum and pedagogy, etc. (UNESCO 2007; Brukhauf and Hayes 2017; Sylva et al. 2004 Sylva et al. , 2006 European Commission 2014) . Two smaller-scale, programs in the US that targeted children from low-income households, the Perry Preschool Program and the Abecedarian Project are often-cited examples of high-quality early childhood education programs due to their small classes, high teacher-to-child ratio, and well-trained, qualified teachers. Evaluations of these programs found that participants scored better on reading and math achievement tests over a long follow-up period: at ages 8, 12, 15 and 21 years for Abecedarian Project participants (Campbell et al. 2001) , and at age 8 (Barnett and Masse 2007) and age 14 in the Perry Preschool Program (Besharov et al. 2011) . A study of 65 developed countries participating in the PISA which found better outcomes in countries where pre-primary education was offered for a longer time, with smaller studentto-teacher ratio and greater per-student expenditures. A number of other school-level factors (including comprehensive instruction, e.g., provision of supplemental and remedial education, teacher education, and sufficient instructional materials), and institutional factors such as greater teacher accountability and local governance (Glewwe and Muralidharan 2016; Woessmann 2011, 2017) have been found to affect student achievement and completion and would be valuable for future studies focused on local-level initiatives.
Valuable next steps include gathering quantitatively comparable global data on the quality of pre-primary programs (both public and private), as well as developing the methods of monitoring and research.
There is evidence that quality in pre-primary education can be improved even in resource-constrained environments. For example, India (Government of India 2013), Jamaica Government and Dudley Grant Memorial Trust (2008) , and Tajikistan (UNICEF 2013) have all implemented a new curriculum in their Early Childhood Care and Education (ECCE) programs so they are more child-centered and holistic over the past decade. However, to better understand which aspects of pre-primary education are most important and how the relationship to learning outcomes varies by context-critical information for policymakers designing new or modifying existing pre-primary education systems with resource constraints-detailed data on the programs in place in countries across the income spectrum is needed. Analyses of the causal impact of pre-primary education on completion of secondary education, as well as on subsequent individual socio-economic achievements, requires longitudinal household and detailed policy data not yet available on a global basis.
As global data on the quality of primary education were not available, it was not possible to rule out with certainty that improvements in the quality of primary school contributed to increased primary completion rates. However, we estimate this is not a highly likely scenario given that recent global assessments show modest, if any, improvements in quality in the areas where quality has been lowest such as in subSaharan Africa (UNESCO 2014).
Lastly, while we systematically analyzed the available comparable sources on laws and policies regarding pre-primary education policy provision, we were not able to incorporate a measure of the level of implementation as there is no global, comparable source of implementation data for current or historical policies. Sources we used did indicate there are nations where implementation has been imperfect and in some instances, very limited. If this is the case then our results may underestimate the impact of fully implemented policies.
Conclusions
Our analysis of a new global database of pre-primary education policies revealed that the provision of free and compulsory pre-primary education is associated with higher primary gross graduation rates. Average primary graduation rates were nearly 10 percentage points higher at the middle of the graduation rate distribution and 12 percentage points higher in countries with low graduation rates (p ≤ 0.05). Importantly, no significant association was found for free pre-primary education alone. Only when it is also compulsory were significant effects found indicating that both are necessary to increase primary education enrollment to the degree required to achieve positive effects on primary completion. These findings provide additional evidence that investments in policies that make pre-primary education universally accessible may yield important educational benefits that in turn would have positive long-term economic consequences.
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